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COMPUTER AUTOMATION OF THE THERMAL PULSE TECHNIQUE FOR
LOCAL BLOOD FLOW MEASUR FENTS. Kurt Lewis Baum, USAF, 1982,
79 pages, Master of Science in Electrical Engineering, University
of Illinois.

Tissue blood perfusion is a fundamental measurement in
physiology that affects the entire spectrum of medical practice
and research. A new and innovative method is under development
by Dr. Kenneth R. Holmes and Dr. Michael H. Chen at the
University of Illinois. Their thermal pulse-decay method
utilizes a small thermistor to pulse heat the tissue under
study. The thermistor is then used to record tissue temperature
as the heat dissipates due to thermal conductivity and blood
perfusion. From this cooling data, local blood perfusion can
be calculated by various computer routines.

The process of initiating and controlling the experiment,
aquiring and storing the data, and calculating perfusion
parameters has been computer automated. The system is based
on a Digital Equipment Corporation LSI 11 minicomputer. The
software package developed for the system is user oriented.
It can control up to six probes at once, performing both
heating and measurement tasks. The user is free to choose
the duration of the heat pulses, as well as the sampling rate
and sampling duration after the heat pulse. The program
automatically generates a data file for each active probe. ,/_

The files can be recalled for display on a graphics termina /
or for calculating perfusion parameters. In addition, an
automatic mode is available which repetitiously performs the
experiment with no user interaction.

The computer automation of the thermal pulse technique
for local blood flow measurements will allow further development
of this promising new measurement tool.
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utilizes a small thermistor to pulse heat the tissue under
study. The thermistor is then used to record tissue temperature
as the heat dissipates due to thermal conductivity and blood
perfusion. From this cooling data, local blood perfusi.n can
be calculated by various computer routines.

The process of initiating and controlling the experiment,
aquiring and storing the data, and calculating perfusion
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on a Digital Equipment Corporation LSI 11 minicomputer. The
software package developed for the system is user oriented.
It can control up to six probes at once, performing both
heating and measurement tasks. The user is free to choose
the duration of the heat pulses, as well as the sampling rate
and sampling duration after the heat pulse. The program
automatically generates a data file for each active probe.
The files can be recalled for display on a graphics terminal
or for calculating perfusion parameters. In addition, an
automatic mode is available which repetitiously performs the
experiment with no user interaction.
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for local blood flow measurements will allow further development
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I. INTRODUCTION

Background

Tissue blood perfusion is a fundamental measurement in

physiolgy that affects the entire spectrum of medical practice

and research (1]. Many different techniques have been

developed to measure tissue blood flow. Two common methods

involve indicator dilution and radio-labeled microspheres [2].

These measurements are complicated and cannot be repeated at

frequent intervals.

A different category of blood perfusion measurements

involves the use of thermal techniques. These methods have

the potential to overcome the limitations of the indicator

dilution and microsphere techniques. However, most thermal

methods have the drawback of comparing the heat dissipation

against a value of thermal conductivity for nonperfused

tissue. This requires either a suspension of the blood flow

to the tissue or the use of tabulated values for the type of

tissue being eramined. Suspension of blood flow is traumatic

to tissue and might mean sacrificing the animal, while using

tabulated values can lead to inaccuracies due to assumptions

made in creating the table. In addition, the theoretical

basis for some of these methods is open to question, since the

volume of tissue being sampled is not much larger than the

probe itself, and probe size and shape have been shown to

alter results [1].
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The thermal pulse-decay method being developed at the

University of Illinois by Dr. Kenneth R. Holmes and Dr.

Michael M. Chen is a thermal method that overcomes all of the

problems described above. This method consists of inserting a

small thermistor into the tissue of interest. A known

quantity of heat is deposited in the tissue when current flows

through the thermistor. The thermistor is then used to

measure post-pulse tissue cooling, from which local perfusion

and thermal conductivity can be determined [1].

The basis of these calculations arises from the heat

dissipation mechanisms working in the tissue. With no blood

perfusion, the primary decay in temperature is due to thermal

diffusion. This temperature decay can be mathematically

modeled as a decaying power series (1]. Blood perfusion is a

thermal transfer mechanism that can be modeled as an

exponential decay of temperature. In vivo tissue cooling

typically includes both of these mechanisms and can be modeled

as a product of the exponential and power series. From the

shape of this curve, the thermal conductivity and the local

blood perfusion can be determined [1].

The advantages of this method are: it provides an absolute

measurement of the volumetric perfusion rate (ml blood/ml

tissue sec) without requiring calibrations or stop-flow

measurements; the sampling volume is considerably larger than

the volume of tissue traumatized by the microprobe; the probe

shape and size do not affect the results; the electronics and
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calculations are extremely simple; the increase in tissue

temperature is usually only 0.5 C; the small diameter of the

probe causes minimal trauma in the tissue under examination

(3,4].

Some drawbacks of this method are that it does require

insertion of a probe, it yields point information, and it is

an indirect measurement process.

Problem and Scope

Small thermistor beads are fabricated into needle-like

probes to aid in insertion into the tissue and minimization of

trauma in the tissue. The thermistor is incorporated into a

bridge circuit that performs both heating and measurement

roles. The bridge output is used to generate cooling curves

on a strip chart recorder. Computer programs have been

written to analyse these cooling curves for thermal

conductivity and perfusion rate.

The problem with this procedure is that the data must be

read point by point from the the cooling curves and typed into

the computer. This process is both time consuming and

inaccurate. Additionally, since the data is analyzed after the

experiment has been completed, the operator has no opportunity

to modify the experimental parameters.

The solution to these problems is to automate the control

of the experiment, the acquisition and storage of the data, and

calculations performed on the data. This report describes a

[
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computer based hardware and software system that will not only

solve the problems of entering cooling curves into the

computer and freeing the operator from continuous supervision

of the system, but should also give the operator the advantage

of having real-time blood flow data to tailor each succeeding

measurement. Figure 1 is a block diagram of the proposed

system.

Presentation

Chapter II describes the characteristics of the thermistor

bridge circuit, the governing equations, and the desired

specifications for the proper operation of the control system.

Chapter III describes the hardware used by the system

while Chapter IV documents the system software.

Chapter V presents the results of experimental testing of

the entire system.

Chapter VI contains the conclusions about the present

system and recommendations for future systems.

Software flowcharts and a complete program listing are

contained in the appendices.
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II. THERMAL PULSE-DECAY METHOD

Description

The bridge circuit containing the thermistor probe is a

very simple balancing circuit with one modification that

allows current to pass through the probe during heating. This

circuit is shown in Figure 2. The balance resistor, Rb, is

used to adjust the bridge output. A five Volt signal

impressed at Vt can drive the transistor switch for the heater

relay. The duration of this signal determines the length of

the heating pulse and thus the energy delivered to the tissue.

Simple circuit analysis of the bridge yields the following

relationship between the output voltage, E, and the probe

resistance, R
p

R = RsV/(RbRs) + E - Rs  ()

Then, once the resistance of the thermistor is known, the

temperature, T, can be found as:

T = A - B ln(R ) (2)
p

where A and B are calibrated constants of the particular

thermistor probe in use [1).

The temperature rise due to tissue heating causes a

corresponding increase in the output voltage. Thus, even

though a nonlinear relationship exists between voltage and

V -,
-4[
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temperature, a cooling curve obtained by plotting the ouput

voltage of the bridge looks similar to a cooling curve that

plots actual temperature.

For a cooling curve expressed in Volts, the typical

experiment will have about a seven millivolt range. In

addition to the actual cooling part of the curve, important

information is contained in the temperature values immediately

prior to heating. This pre-sample period can be used to

project a baseline for use in normalizing the cooling part of

the curve to temperature drifts. A sample cooling curve is

shown in Figure 3.

System Specifications

The following is a list of desired specifications for the

automated control and data acquisition system.

1. Deliver a square wave five Volt pulse to each of

six bridge circuits to control the heating cycle.

2. Vary the duration of each pulse length

independently over a range of zero to twenty seconds

in one-tenth second intervals.

3. The duration time of each heat pulse must ba

stored for computation purposes.

4. Monitor and record voltage output of six

thermistor bridges with a resolution of three

millivolts and a range of minus five to five volts.

5. Allow for sampling rates up to sixty Hertz in

each of six channels.
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6. Channel selection may be varied without loss of

information. Channels need not be operated in

sequential order.

7. Stored data may be recalled for display on a

video terminal or printed on hard copy.

8. System must include a file management system for

stored data files.

9. Calculations may be performed while system is

not being used to measure perfusion.

10. Calculate and display steady state body

temperature as calculated from thermistor data.

Calibrate system for each thermistor.

11. If input voltage exceeds an operator selected

value, system will issue an audible alarm. Alarm

may be disabled.

12. Repeat measurements (delivery of pulses)

automatically.

" -i . ...... ....... -... ... ... .. .. .. . ... ..- _ _ .... .. .... .. .. .., -. ', ,,- I
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III. HARDWARE

The system hardware is composed of three main units.

These are the thermistor bridge, the signal conditioner, and

the computer. Figure 4 is a block diagram of the entire

computer system, with the computer separated into its major

components.

Bridge Circuit

The bridge circuit is described in Chapter II.

Signal Conditioning

Preliminary tests of the bridge circuit showed

considerable noise to be present, which appeared in two basic

forms. The most prevalent noise was sixty cycle power line

interference, which had a magnitude up to four millivolts,

almost as large as the desired signal. The second kind of

noise was a very high frequency noise whose source could not

be identified.

In addition to the noise, the signal strength was on the

order of millivolts, too weak to be used as an input signal to

the analog to digital converter, which measures in volts. The

signal conditioning block, shown in Figure 5, is used to

correct for these two problems. First, the signal was

amplified by a differential laboratory amplifier with a gain

of 1000. The input signal for a typical experiment has a

range of about seven millivolts, with both positive and
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negative components. The Analog to Digital Converter (ADC)

has an input range of minus five to plus five volts. If the

bridge is balanced at the beginning of an experiment for an

output of about three millivolts, the gain of 1000 will

provide a signal at the input of the ADC that will range from

minus three to plus four volts. This is entirely within the

range of the ADC and still allows for some temperature drift

in between heating pulses.

A two stage filter was built to eliminate the noise

problem. The first stage consists of a second-order band

reject filter, the output of which provided 38 decibels of

suppression centered at 60.4 Hertz with a quality factor of

five. This filter effectively attenuates the sixty cycle

interference. The second stage of the filter is a simple

resistor-capacitor low pass filter with a 3 dB point of 10.6

Hertz. This filter eliminates the high frequency noise and

further reduces the sixty cycle noise. The frequency content

of the input signal is much less than 10 Hertz, so the filter

does not attenuate the thermal pulse data signal.

Computer

This section will dascribe the capabilities and functions

of each block of the computer. The computer is a Digital

Equipment Corporation (DEC) LSI 11 minicomputer. Hardware

specifications for the LSI 11 can be found in References [53

and (6].
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The Parallel Input-Output unit is a DEC DRVll. It

consists of 16 separate input and output lines, along with

appropriate control lines. In this application the unit is

used to control the heat pulses and light appropriate

indicator lights on the bridge unit. In future versions, it

can be used to monitor switch positions on the bridge unit.

The pin assignments for this board are contained in Appendix

A. More information on the operation of this board is

contained in Reference [6].

The Analog to Digital converter is an ADAC 1030 which has

eight differential inputs each with a range of minus five to

plus five volts and a programmable gain of 1, 2, 5, or 10. In

future versions of the bridge, this gain can be used as part

of the 1000 gain of the signal conditioner. With the full

gain of 1000, the ADC's 12 bit resolution is able to look at

signals from minus five millivolts to five millivolts in 2.5

microvolt increments. This meets the original specification

for resolution. Timing for the sampling of the ADC is

accomplished with the real time clock of the LSI 11 computer.

This allows sampling rates as high as sixty hertz for each of

six channels. Additional informat-on on the operation of the

ADC can be found in Reference [7].

The Central Processing Unit is a DEC LSI 11/23 CPU with

Memory Management Unit (MMU), model KDFII-AA, along with the

floating point hardware option, model KEFlI-AA. The MMU will

allow full and efficient use of the Chrislin memory board.
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The speed and power of the LSI 11/23 CPU with floating point

should allow close to real time calculaton of the desired

parameters after the data has been collected.

The Chrislin CI-1123 memory provides a full 256 kilobytes

of random access memory. In addition to containing the

operating program, it allows for storage of quite large data

arrays during sampling that can be transferred later to disk.

The Data Systems Design 470 disk drive provides two

megabytes of on line storage. Drive one will be used as a

system disk containing the source program and monitor, while

drive two will be used to interchange data disks.

The serial interface is a DEC DLVIl-J, which has four

independent communication channels. One of these is used for

the system terminal. The others could be used for a modem, a

remote terminal, or a line printer.

The system terminal is a Lear Siglar ADM5 with a 512

retrographics board. This provides graphics capability that

is software compatible to the Techtronics 4010 terminal. The

main use of the graphics will be to display various cooling

curves for visual inspection. Additional information is

contained in References [8) and 19].

The GP100 graphics plotter is connected directly to the

ADM5 terminal. It provides hardcopy for any of the graphics

sent to the terminal or functions as a line printer for

listing programs or data sets. It is further described in

Reference [10].
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IV. SOFTWARE

The system software is written in FORTRAN and resides on

the system disk. Both the user and the operating program have

access to an extensive library of programs written for the DEC

LSI 11 computer system. These include the RTI monitor, a

text editor, a disk handler, linkers, compilers, various

input-output routines, and a system library of FORTRAN

callable subroutines. A full description of these programs is

contained in Reference Ill].

The FORTRAN operating program contained on the system disk

allows the user to interact with the system to configure the

experiment and data collection in an easy and flexible manner.

In addition, it allows calculation routines to be performed on

the data and several modes of automatic operation. The user

also has the ability to list or graph any data file.

This chapter contains a complete description of the

operating program. Figure 6 is a simplified flowchart of the

main program. Flowcharts of the subroutines and a complete

listing of the FORTRAN code are contained in Appendix C.

Main Program

The program begins with an initialization routine that

sets each variable to a valid starting value. As the program

is used, the initial values can be modified to reflect more

accurately the desired initial conditions for the experiments.
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The terminal is then filled with the current values of the

program variables and a list of the commands available to the

user. An example of this is shown in Figure 7. The commands

are single letters that correspond to the function or

parameter to its right. Each second, the current time is

displayed, all six bridge outputs are sampled and displayed in

both millivolts and degrees Celsius, and the time until the

next automatic operation is updated and displayed. While in

this mode, the software continuously checks for user input or

the conditions necessary to cause an automatc operation.

Each user input causes the main program to call an

appropriate subroutine which actually performs the command. A

summary of each of the available commands is shown in Table I.

The following is a description of each command along with its

use and restrictions.

Command '0'

This command allows the user to choose which channels will

be active when either SAMPLE or CALCULATE is performed. Each

channel can be independently turned on or off with no

restrictions as to which channels must be used for a given

number of probes. The software for command '0' is contained

in subroutine UPDATE.

Command 'F'

This command allows the filename of any channel to be

changed. Each filename must be constructed of three
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Figure 7. Video Terminal Presentation of Program Status and

Commands
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Table 1. Summary of Commands

Command Description

0 Change Channel Activity Status

F Change Data Filename

P Change Probe, Bridge Balance, or Descriptive
Text

H Change Heat Pulse Duration

R Change Duration and Frequency of Sampling

L Change Alarm Limits

E Change Experiment Repetition Parameters

A Enter Automatic Operation

B Break From Automatic Operation

C Perform Calculations

D Display Data Files

S Perform Heat Pulse and Sampling

Z Exit Program

ILI
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alphanumeric characters followed by three numeric characters.

This allows the user to describe the experiment using three

letters and then determine the experiment repetition using the

three numerals remaining. This filename is used by both

SAMPLE and CALCULATE. Subroutine UPDATE performs the command

F.

Command 'P'

This command allows the user to change the probe number,

probe calibration data, bridge balance conditions, and

descriptive text of any channel. When a probe is changed, the

software reads in the calibration data for the new probe from

a disk file named PROBE.DAT. This file is maintained by the

auxiliary program PROBEC.FOR which is described later. The

calibration data is part of the data file stored when a sample

is performed. It is needed to calculate absolute temperature.

Changing the bridge balance conditions requires the user

to enter the new resistance of the potentiometer. This value

is also needed for absolute temperature calculation, and is

part of the data file stored by SAMPLE.

The descriptiv text can be used to record probe

placement, experiment objective or other pertinent

information. It is also part of the data file stored by

SAMPLE.

Subroutine UPDATE performs the command 'P'.
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Command 'H'

This command allows the user to modify the duration of the

heat pulse that is applied to the probe. Each channel can be

varied independently in increments of one-sixtieth of a

second. A duration of zero is allowed and simply means that

that channel will not be pulsed during sampling. This allows

probes to be used to determine heat patterns delivered by

other probes. Subroutine UPDATE performs the command 'H'.

The heat pulse duration is part of the data file stored by

SAMPLE.

Command 'R'

This command allows the user to define the sampling rate

and duration for an experiment. The samples taken before the

heat pulse, the presample period, can be configured

independently of the samples taken after the heat pulse. The

user inputs the desired time duration and frequency of

sampling. The program calculates and displays the actual

number of readings to be taken and the time period (in

one-sixtieth of seconds) between samples. These values are

part of the data file stored by SAMPLE. Subroutine UPDATE

performs the command 'R'.

Command 'L'

Thiscommand lets the user set limits for an audible alarm

that monitors the input voltages of the channels that are

active for sampling. If the input voltage is not within the

specified range, the program sounds the bell on the terminal

LI
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each second. With the correct limits, the alarm can be used

to notify the user when a bridge needs rebalancing before

starting an experiment. Subroutine UPDATE performs the

command 'L'.

Command OE'

This command allows the user to define the parameters for

operating under automatic control. The time interval between

experiments, the number of experiments to be performed and the

time until the first experiment can all be set to any value.

Subroutine UPDATE performs the command 'E'.

Command 'A'

This command enables the automatic operation of the

program, as defined by the automatic control parameters. It

is performed by the main program and subroutine AUTO. When

called, subroutine AUTO will call SAMPLE and CALCULATE as

needed, increment the filenames of the active channels and

update the automatic operation parameters. Using the 'A'

command, the operator can free himself from having to

continuously monitor and initiate experiments or

calculations.

Command 'B'

This command disables automatic operation of the program.

The time until the next experiment will continue to count

down, but AUTO will not be called if the count reaches zero.
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Using the 'B' command, the user can exit automatic control,

change a system parameter, reenter automatic control and not

lose the correct spacing between experiments. The main

program performs the 'B' command.

Command 'C'

This command performs the desired calculation on each

channel that is active for calculate. Subroutine CALC

performs this command but does not perform the calculations.

CALC reads and prepares the data file for a subroutine called

CRUNCH, which is to perform the actual calculations. CRUNCH

can either be a thermal conductivity or blood perfusion

routine that can be linked to CALC for use.

Command 'D'

This command allows the user to examine a data file by

listing or graphing. Listing a data file consists of

labeling, formatting and printing the system configuration at

the time of sampling and the entire presample and sample data.

The graphics package plots the cooling curve and labels it

with pertinent information from the data file. The user has

the options of changing the size and position of the graph as

well as expanding the time scale to display only a portion of

the cooling curve.

Subroutine DATA performs the command 'D'.

4
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Command 'S'

This command causes the computer to perform the sampling

as defined by the system parameters. For each active channel

the appropriate presample is collected, the probe is heated,

the desired sample data is collected, and a data file is

created on disk. The format of the data file is in appendix

B. It consists of all possible information that might be

desired at a later time to analyze the results of the

experiment. Subroutine SAMP performs the command 'S'.

Command 'Z'

This command terminates the operation of the program and

returns control to the RTI1 monitor.

Auxiliary Program

The auxiliary program PROBEC.FOR is used to maintain the

data file that contains the current probe calibration

constants. The user has the option of entering calibration

data for a new probe or changing calibration data for an

existing probe in the file. Each time new data is entered

into this file, the user can also enter the date of

calibration. The probe calibration and the date are stored in

this for use by the system software. Specifications for the

data file PROBE.DAT are contained in appendix B.

Ii
'4 _______________
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V. RESULTS

The data aquisition system has been successfully used in a

variety of configurations.

Figures 8 through 14 are actual output from the system.

Figure 8 shows the cooling curve of a probe that was placed in

a 100 ml solution of glycerin at 38 degrees Celsius. The

presample data is shown from minus five to minus two seconds.

The plot disappears from minus two to zero seconds, since that

is during the heat pulse and the bridge output is not valid.

The sample data is shown from zero to fifteen seconds.

This curve shows that the probe, the bridge, the signal

conditioning, and the analog to digital converter all worked

properly to deliver the appropriate data to the computer. It

also shows that the software is capable of procuring the data,

storing it, and retrieving it for display.

Figure 9 is a ccoling curve from a similar experiment but

the heating pulse has been reduced to only one-sixth of a

second. The curve decays much more rapidly since less heat

was deposited by the probe. In order to display this data in

a more visible manner, the software allows for expansion of

the time scale so that any portion of the curve can be shown.

An example of this capability is shown in Figure 10 using the

same data file as Figure 9.

Figure 11 is from a data file that was created from an

experiment using a live rabbit. The blood perfusion in the
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kidney could be determined from this data.

Figures 12 and 13 are from data files created from

experiments conducted on the liver of a live rabbit. The

probe for Figure 12 was placed very close to a large blood

vessel in the liver. This results in a cooling curve that

decays quite rapidly. Also present on this curve is some

respiratory artifact that causes the curve to rise and fall

periodically. Figure 13 is from a test on the same liver but

the probe has been moved away from any blood vessels.

Perfusion is still present, but at a much lower rate and the

respiratory artifact is no longer visible. In order to

compare these two curves, Figure 14 was generated by expanding

and overlaying the data from the two files on the same plot.

The difference between the high perfusion curve and the low

perfusion curve is now seen as different rates of decay in the

cooling curves. The higher perfusion near the large blood

vessel rapidly removes heat from the vicinity of the probe,

resulting in a faster decay than is seen in the low perfusion

case.
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Figure 12. Rabbit Liver, High Blood Perfu2,ion
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RABBIT LIVJER PERFUSION TEST
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VI. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

An automated control and data aquisition system for the

thermal pulse-decay method of blood perfusion measurementhas

been designed and tested. The system meets or exceeds the

desired specifications, providing a useable tool for the

continuation of research in local blood perfusion measurement.

Recommendations

Based on system performance until this point, the

following recommendations are proposed as future modifications

to the system. Additional desired modifications will become

apparent as the system is utilized more frequently.

1) Incorporate into the auxiliary program, PROBEC.FOR,

the capability to automatically calibrate the thermistor

probes.

2) Enhance the data presentation, particularly the

ability to show more than one cooling curve on the same plot.

3) Provide more disk file security to prevent accidental

overwriting of data.

4) Provide for easy transfer of data files to or from

this computer and another.

5) Incorporate computer routines to analyse the cooling

curves for beU!h thermal conductivity and blood perfusion.
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APPENDIX A

SYSTEM HARDWARE CONNECTIONS

This appendix contains the wiring list for connecting

the DEC DRVII parallel input-output board to the bridge

circuit. Twotwenty-five wire ribbon cables carry the

signals listed below in Table 2.

Table 2. Pin Assignments for Bridge Control

Signal Channel Connector, Pin

Presample LED 1 J1, 11

Presample LED 2 Jl, 12

Presample LED 3 Jl, 13

Presample LED 4 J1, 14

Presample LED 5 J, 15

Presample LED 6 j1, 16

Heat Pulse and LED 1 J2, 11

Heat Pulse and LED 2 J2, 12

Heat Pulse and LED 3 J2, 13

Heat Pulse and LED 4 J2, 14

Heat Pulse and LED 5 J2, 15

Heat Pulse and LED 6 J2, 16

Sample LED ALL J1, 17
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APPENDIX B

DATA FILE STRUCTURES

This appendix contains the structure of the two types

of data files used by the operating software. PROBE.DAT

contains the calibration data for the thermistor probes and

is outlined in Table 3. The structure of the data files

created by SAMPLE is outlined in Table 4.

Table 3. PROBE.DAT Structure

Record Variable Description Disk Format

First Number of Probes 1*2

Second Probe Number 1*2

Month 1*2

Day 1*2

Year 1*2

A R*4

B R*4

RBO R*4

BETA R*4

Repeating for each probe in the data file.

I,
11
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Table 4. Data File Structure

Variable Description Variable Name Disk Format

Data Version 1 1*2

Time ISTIM 1*4

Date KDATE 3 1*2

Channel I 1*2

Text ITEXT 20 1*2

Active Files IFILEl) 3 1*2

Active Files IFILE(2) 3 1*2

Active Files IFILE(3) 3 1*2

Active Files IFILE(4) 3 1*2

Active Files IFILE(5) 3 1*2

Active Files IFILEf6) 3 1*2

Probe Number IPROBE 1*2

RBO PPRB0 R*4

BETA PPBETA R*4

A PPA R*4

B PPB R*4

Probe Calibration Date ICDATE 3 1*2

Bridge Balance Resistance IPPRBB 1*2

Bridge Balance Time IPPTBB 1*4

Bridge Balance Voltage PPVBB R*4

Heat Pulse Duration (Ticks) IHEAT 1*2

Presample Readings IPSR 1*2

Presample Period (Ticks) IPSP 1*2

Sample Readings ISR 1*2

Sample Period (Ticks) ISP 1*2

Presample Data IDATA (IPSR) 1*2

Sample Data IDATA (ISR) 1*2
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APPENDIX C

OPERATING PROGRAM

Figure 6 in Chapter IV is a flowchart of the main

program. This appendix contains a listing of the FORTRAN

code of the main program followed by flowcharts and code

listings of the subroutines.

Figure 13 shows the flowchart of subroutine INIT (p. 46),

Figure 16 shows the flowchart of subroutine UPDATE (p.4 9-50),

Figure 17 shows the flowchart of subroutine SAMP (p. 57),

Figure 18 shows the flowchart of subroutine CA.C (p. 63),

Figure 19 shows the flowchart of subroutine AUTO (p. 65),

Figure 20 shows the flowchart of subroutine DATA (p. 68),

Figure 21 shows the flowchart of PROBEC.FOR (p. 74), and

Figure 22 shows the flowchart of subroutine GET (77).
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TH:3 IS THE MIAIN PROGRAM FCR THERMAL PUJLSE
c SrUOIES.

Ii. WAS WRITTEN BY? KURT L. BAUM

s COMMON VARIABLES it * :9
L.OGICAL$1 HAZC:3;,.HAZAe3)
INTECER 12<256)
!NTEGER*4 14<12)
REAL*4 R4(64)
INTEGER IDATAC ISSO)

COMMON lHAZ6L.,,HAZ, HAZA
CO~MMON IVARBLEI2. r4,R4
COMMON /TEr4ps- IATA

C * ENO COMMON BLOCK 22

C S ~ BEGIN COMMON DESIGNATIONS 22
INTEGER IACTVS6).IACVYCC6)IPROBE6),IHEATC6Y,tPPPB9(S
INTEGER r~rLE6 . 3 .1 EXT620), OArec6,3 >
INTEGER*4 r~PT99( 6)

REALS4 CEP<),RLTEMP<G>

EQUIVALENCE (ICOw.I2'I)). <rAcTVS(1>.I22z)
EcuIVALENCE vooc I ,r2 )5 HEAi .5 r2-'1 4,
EQUIVALENCE <r~pseci. raca'a>). <iPcR. rz<26:;
EauIVALENCE crpspl.raC27)).rqr22)
EQUIVALENCE <rsp~rp2caq9, <rvx. (? 1 ) az)
EQUIVALENCE c rCOArE< I, 1 ),2 IS)> ( AC'vc< I . r2c ia >
EauIVALENCE < rprLEC 1, . rz< 174. (rALFTOC rac iga
EQUIV 'ALENCE ( IEXREPI 12< 193>)
EQUIVALENCE crPPT8O(L).I4(>)
EQUIVALENCE (PRO1,R( ) PP8ETA),R4<7)>
EQUIVALENCE PA1R41),CPI,4(9
EQUIVALENCE PPY138C I)R425 ~ CCTEMPC I ),R4< 31.
EQUIVALENCE (RLTEMP(1),R4<37>). CRUALIMR4<43,)
EOUIVALENCE < RLAL IM, P4( 44) ), <AUTOTH.R4(45))
EQUIVALENCE CAUTOTU.,R4<46)', (EXIHT.R447)>

C S 3 END COMON DESIGNATIONS I X S

C * 22 RGIN LOCAL VARIABLES2 2
LOGS 2AL*1 PRNTIMC9)
INTEGER JTEMPC6)
INTZCER ITYPEC3Ba
INTEGER*4 KTIME
INTEGER KTII4(Z)

REAL*4 CVOLT(6),TEMP

EQUIVALENCE CKTIME.KTrmc%))
C x ENO LOCAL VARIABLES2 2

C c jr . BEGIN CODE SEGMENT222
HAZ 2 ).120
HAZ( 3 )-2O
HAZAC 1)-27
HAZAC 2 )61
i'AZA< -0
CALL rNIT
PRNTII4(S9)-*20

C 3.: PRINT PROGRAM' IDENTIFICATION K2
TYPE 36

CALL PRrNT('HAZ>
HAZAC 3 )-4
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HAZA( 4 )45
CALL PRZNTCHAZA'
T*YPE t

I FORMATC THERMAL PULSE DECAY CONTROLLER'>
TYPE 36

2 FORMATCT15. 'WRITT'EN BY KURT L. BAUM'
ACCEPT 3

C: a 2 :9 PRINT SMORCASBOARO D
3 TYPE 30

NAZ< 1 )-,B
CALL PRINTCHAZ)
CALL rOaTE<K.lqON. HOAY. KYEAR)
ENCOOCE(S. 140.PRN1'IM) KMON.KOAY'i~EAR

CALL PRINT< 'TIM4E'
HAZA( 3)3
HAZI, )-52
CALL PR!HTCHAZA)
CALL PRINT( 'DATE')
HAZA 4 )-57
CALL FPRINT<HAZA)
CALL PRINT(PRNTIM)
HAZA 4 )-77
CALL fPRINT<HAZA>
CALL PRINT( 'DATA VERSION ONE')

!05 FORMATC' CHANNEL I.6C7X.lit)
DO 107 !1.6s
.JrtEMP< I >-IACTVS4 I >
IF IACTVS<I).HE0>) COTO 1s7
JE4P( I )

la7 CONTINUE
TYPE 116.JTXMP

lie3 FORM'A1'('O SAMPLE STATUS ',6C6XA2))
00 112 t-1.6
JTIP(P I )-I ACTVCC I)
IFCIACTVCCI).'E.0) COTO 112
JTEI4P( I1)- I

112 CONTINUE
TYPE 15JTEMP

415 PORMA' CALCULATE STATUS '.s(6xA2)>
TYtPE 120,<< IFILECI.K).K-1,3). I-1,6)

lag FORMATC'F' FILENAME 6,C ZX, 3AZ)
TYPE 135.IPRORE

135 FORr4ATC IP PROBE ''619)
Type 135

13s FORMAT( * CURRENT MILLIVOLTS' )
TYPE 137

137' FORMaT( * CURRENT TEMPERATURE')
TYPE 138-RLTEMP

:Z3 FORMAT<* LAST TEMP '.6FS.3)
TYPE 4.ITI6.NAd-N Tt,0.~.:

.40 FORMA1'C'H HEAT CSEC.TICKS) '61. 1)
TYPE 142

142 ;rCRMA C' DURATION (SEC TIC) FREt;UENCY <I-HZ)'
I * READINGS PERIOD'*>
KT I M( I )-e
K'rzMC 2 -rPSRsrPSP
CALL CVTTtI<TIME.KHRSMISEKSECKICS>
TYPE 14SgkSECK?*ICKS.66'IPSP.IPSR.rpsp

.45 FOR?AT'IR PRESAMPLE .2''2'

%L Ll,',2'
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CALL CVtTI*m(' IME.HRS.4I.KSEC.K"ICK3)
TYPE 1SECKTICKTCfS6'sa.pisR.isp

I ZZ PORMATC I SAMPLE .2 -12'

"all*'.4. 1. 2)
TYPE 38
TYPE 151.RUALIM

151 FORMAT( 'L UPPER ALARM LIMIT <.IV) *,S2

I T45.'A AUTOMATIC RUN'>)
TYPE 152.RLALIM

li2 FORMAT'<, LOWER ALARM LIMIT (MV)
1 T45. 'B BREAK FROM AUTO'>

ICT INctI)-NT( EXINT.6S553S. 8)
.TINC2)-INT<EXINT-65536.0:gKTIM<1))
CALL CYTTIM(<KTIME.KHRSmIN.CSEC.K-ICKS)
TYPE 155,KMIN.KSEC
FORMATC'E EXPERIMENT INTERVAL (MIN:SEC> I~.2

I T45.'C CALCULATE-)
TYPE 160,IEXREP

ISO FORMAT<' EXPERIMENT REPETITIONS 1.14.
1 T45. '0 LOOK AT DATA FILE')
TYPE 165

165 FORMAT<' NEXT EXPERIMENT <MIN!SEC) 8: a'.
I T45. 'S SAMPLE')
TYPE 166

166 FORMAT<745.*Z QUIT')
NAZAC 3 )-2
NAZAC 4 )32
CALL PRINTCHAZA)
TYPE 190

190 FORMAT< 'PLEASE ENTER YOUR COMMAND' 8)
30 FOR14AC )

IF(ICOM.NE.63) COTO 50
TYPE 30
CALL PRINTCHAZA)
TYPE 40

48 FORXATC 'UNDER AUTOMATIC OPERATION')

C 22CHECK USER INPUT * z
58 CALL IPOIE(44'818188.OR.IPEEK44)),

ITEMP-ITTrNR<)
CALL tPOKE '44.167677.AHO IPEEK<"44))
I F (I1EMP . E. 0) COTO 60

C * * A CHECK FOR JUMP TO AUTO *2
IFC ICOM.EO.65.AHO.AUTOTN.EQ.0.0) COTO 207

c * -* * cmeci( FOR rrme Ama TEMP UPDATE 2*
CALL cTr9<KIme)
CALL CVTTIM(KTIM4E,KHRS,KIN1,KSEC.KTICKS)
IF' CKSEC.EQ.ISEC) COTO 50
I SRC-KSEC

S REPRINT'TIMES AND TEMPS22
ENCOOE<88O,0PQNTIM) KHRS.KMIN.ICSEC

C X GET CURRENT TEMPS S
K-I

CALL IPOKE('176778,K)
.J-rPfEK( "17S772)
IFtJ.GT."3777) J-.J-"I9600
CVOLT( 1J'389. 9So
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TF< IACrVS I)EO. 0 COTO 88
I(C*/CLT< It CE. RLALI M ANO, CYOLT-, I )LE. RUAL I r co~o es

H*Az< 1 )-7
CALL PRISTCHAZ)

Ole RBS-FLOATC IPPR98C t)),2.e.10G0 0
VRS-1 19756.88
RS-2297%.
TEN4P-VRS'C< "RS',( RBB+RS >+CVOLT( I >-'1060 )-RS

C2* WHUERE YS76S-9227~'-5.425 VOLTS *
CTEMP( I )-PPAC I )-PP9< I )*CALOCC RB)
K-K*"-49

90 CONTINUE

C PRINT TIME SK
TYPE 30
I4AZA 3 )-32
HAZAC 4*,3S
CALL PRINTCHAZA)
CALL PRIHT<PRNTIM)

C K t PRINT CURRENT MILLIVOLTSK I
TYPE 38
HAZA 3 )-38
I4AZAC 4 )56
CALL PRINT(HAZA)
TYPE 91.CYOLT

91z FORMATCF.3)

I PRINT CURRENT TEMPS 52
TYPE 30
NAZAC 3 )39
CALL PRINT<HAZA)
TYPE 97.CTEMP

97 FORMATCFS.3)

C 22*UPDATE AND PRINT NEXT AUTO TIME S±
IF<AUTOT.EQ.8.8) COTO 99
IF<IAUTOC.EG.S) GOTCJ 96
T IME-65536. SKT 114 1 >-oICTI1M( 2
IFC AUTOTU.CT. TIME) AUTOTUAUTOTU-3384800 0
AUTOTH-AUTOTN-( TIME-AUTOTU>
IF<AUTOTN.LT.0.9) AUTO'TH-0.0
AurTT-JTi ME

96 TYPE 38
HAZAC 3 -5S
HAZA< 4)-66
CALL PRIHT(HAZA)
KTrN< I )- INTC AUTOTH'65536. 9)
I~rm(2)-rMT uTO'rH-655Z6.e*rrKc i)
CALL cVTIMC<KrtINe.,CRS.KMrIN,KSEC.KTrCK~s)
i-pe qs.9CmrmNJsrc

98 FORMA r2..'r2)

:a22 RESTORE CURSOR *1
39 TYPE 30

HAZAC 3 )!3
NAZA(4)-59
CALL PRrNTCHAZA)
COTO 58

C 2 . PERFORM RecrcVEo COMMAmo It
loo :C04-ITEMP
2015 TYPE 38
227 IF CICOM.NE.65) COTO 315

:7 CrAulJoc.c8) COTO Zia
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CALL G tN(KTIME)
AUTOTU _65536 OXKTIM( I )-K'lM( 2)

28 IF(AUTOT.EQ08) CALL AUTO
215 IF -'ICOM9.EG.67> CALL CALC

ZF CICOM.EQ 68> CALL DATA
IF (CCOM.E0.90) COTO 3!00
:F (ICOM.EQ.83) CALL $AMP

ae IF <lCON'31.68.ANOICOM.LT.93) CALL UPDATE
COTO 5

Zee STrOP, ENO OF PROGRAM
ENO
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Set All
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Variables
to Zero

Iuni tiali*
Filenames

Init iali z e
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Ini tialize
Sampi:ng
Parameters

Init ializ e
Experiment
Repetition
LParameters,

Figure 15. Flowchart of Subroutine INIT
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ZUBRUT11SE 1.141

TpHrS suROUTINe INE rNrLIZTS 7HE SYSTEM PARAMA7FRS

t COMMON VA~RIA2LES R * .
LOCICALtl fHAZC 3 ).NH$Zs.('S

rNTCCearm" r4c12)
REA'L94 R4<645
IrfeErm rr3ATA< igeo

COMMOH ZHAZ9L/H-AZPAZ
COMMON /VAReLE'r2, I4,R4
commoN .,Tsms'IorATA

C IK*EI-4 COM4MON $LOCK :g2

S EGIN COMMN DESIGNATIONS S
INTEGER ""/.6.ATVC~IRBC :Et r99<6"
IT-EGER VL Z)ZE'cgI:ASC,

EUrVALENCE c rcomrci ( > CIAc'tvs<I 12< a,)
EI2UrVALESCS CIpRosE i)>.2<Ca >
EQUIVALENCE C IPPRasBC ). t2<ao20. ( r Psr-. 2<26)
courvALENCE <rPSP1Z<7)) wR,22)
EQUIVALENCE crsp~ra2(23, < (ITE>(T( 1,I)Ia<.e:30
EQUIVALENCE cICoAEi,).ra(158)) CvI1a.
EQUIV~ALENCE LEI1r<14. r~uToc-rs:
FEcUIVALENCE C rEXREP, 12 193))
eQurVALENCE c PV99C1) , 4< 25), (CTEMP( I), R4< ZI
EQUIVALENCE C LTEP I ), R4<3. 7( UAL 1MR4< 4:1')
EQUIYALENCE CRLALI4P444)), <Au~4r,R4<4s)l

EQUIVALENCE ( AUTOTU. R4<46'> CEx rm R,4<47))
C K It ENO COMN DESIGNATIONS KI

C t s * EGIN COOE SEGMENT I
00 tee 1-1,256
t2crI)-e

Ie CONTINUE

00 118 1164

11e CONTINUE

14c I)9o
128 CONTINUE

00 5 1-1.6
IF- ILE< I. I )-'AA'

5 CONTINUE

IFILE< 2. 2)-'*90'

IFrLEC 3. 2 )-'ES
IFILEC 6,2 )-'FO
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I ACTVS< ! )- ON
I ACT' CC I )-'ON'

:3 CONTINUE

00 28 J-1. 6
00 25 Im1~ae
ITEXT< J, 1 )'5212-4

29 CONT INUE

IPSR ie
I psp-6S
I SR-I 0
ISP-60

RUALIM..6.0
RLALIM-6. 0

EXINT60.
I EXREPI
AUT0TN-2. S

RETURN
END
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SUBJROIJ, -E UPDOATE

c T4IS SUBROUT:NE ALLOWS THNE USER TO CH64HE
CPARAMETERS TO TAILOR SY'STEM CONFIGURATION

C 9 COMON VARIABLES t a
LOCCCAL2I1 HAZC 3)HAZAC 3
INTECER I2<2Z6)
tNTECZR:%4 I I<12
REAL-14 R4<64)
INTEGER IDATA( 1888)

COMI40H ,HAZELHAZ,HAZA
COMMON -'VARBLZ/12, I4,R4
COMMON 'TEMPS-"ZOATA

* 2 END COM4MON BLOCK 2

s1 B EGIN COMMON DESIGNATIONS S * S

INTEGER ZACTVS.<6).XACTVCC6). ZPROBE(6). I.HT<6,IPPSB(35)
INTEGER IFILE(63,ITEXTC6.8O).ICOATE(6.Z)
IHTECER*4 IPPTrBB(6)
REAL24 PPRS8C 6). PPSETAC 6),*PPACS6). Pps< 6). PpvB8(6)
PSAL44 CTSMP( 6). RLTEMP( 6)

EQUIVALENCE <ICOt4r2<1.)). CIACTVS()1Z<Z))
EoUrVALENCE <IPROBEC1),12(8)). (IHEAT(1).I2<1)
EQUIVALENCE CPR81.20) C.PSR.12(26))
EQUIVALENCE CtPSP.Ia<2')), <ISR.r2<as)'
EQUIVALZNCS c ISP 2c 29)) CITEXT , . 12.I'23
EQUIVALENCE (ICOlATE1,1).I2C150>) (IACTVCC),I2C168)..
EQUIVALENCE <IFtLECl.1).I2(j74)>. CIAUTOC!2(192))
EQUIVALENCE CIEXREP. 12(193)
EQUIVALENCE < IPPTBSC1I), 14( 1) )
EQUIVALENCE CPPRB8(1>,.R41)). (PPSETA(1),R4<7))
EQUIVALENCE <PPAC1),R4<13))., cpP8c1)R4(19) .
EQUIVALENCE <PPV8BC)R4<25)', ZTM.l,43>
EQUIVALENCE CRLTEMPCI).R4<37)). CRUALIM,R4e43)
EQUIVALENCE CRLAt-I#.R4<44)). <AUTOTN,R4<45-'
EQUIVALENCE CAUTOTU R446)g CEX INT.R4 4)

C 2* SEND COMON OESIGHATIONS 2 1

C *25BEGIN LOCAL VARIABLES222
INTEGER JOATA( 12)
EQU rVALENCEC ATEMJOATAf STEN,.JATA(')7
EQUIVALENCER89TEMJOATA(9)).C8ETAT,JOATA( 11))
EQU IVALENCEC I YEAR. .JOATA< 4) )
EQUIVALENCE( IMONTH,JOATA(2))., IOAY..2OATA<(Z))

'a2 2 END LOCAL VARIABLES 2 * S

s 2 BEGIN CODE SEGMENT 29 2s

C v CLEAR ROW AND CET SET TO TYPE REQUEST* 2
HAZAC 3 )52
HAZA 4 )-32

3 CALL PRINTCHAZA)
HAZ(l rJ
HAZCZ2 )99
CALL PRINTCHAZ)

283 FORMAT(

A 2x t CHANGE HEAT PULSE OURAT!ONS*2
IF (ICOM.NE "y2) COTO !00
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T(PE 30
30 FORMAT( UPCATE HEAT PULSE OURATICK OF WHICH CHAHNE-- ' *

;CCEPT 43 1
FORMATC I

TYPE 20
IF (I.LT.1.OR.I.CT.6) GOTO 5
CALL PRINT(HAZA)
CALL PRINTCHAZ)
TYPE 50

1a FORMATC'ENTER NEW HEAT PULSE DURAT!ON .s)
ACCEPT 68, IHEAT( I)
FORMAT< 13 )
COTO 1000

- a *= V CHANGE FILENAME A : S
10 rFcICOM.NE. 6) COTO 200

TYPE l11
FORMAT( UPOATE FILENAME OF WHICH CHANNEL ?
ACCEPT 120, 1

!20 FORMAT( I )
TYPE 20
IF IL. I.OfR. I.T.6 ) GOTO 5
CALL PRINTCHAZA)
CALL PRINTCHAZ)
TYPE 130

173 FORMATC'ENTER NEW FILENAME AAANNH $)
1 0 ACCEPT 150, IFILE( I,),IFILECI,2),IFILE I,3)
150 FORMAT(3A2)

TYPE 20
OECOOE, 168,.IFILE r.3).ERR-1')IFrLEA

ISO FORMAT< 2)
rFcIFILr. ,2).r. 36~e. AH. tFL(I,2.LT. "35e0Be COTO iee

CALL PRINTCHAZA)
CALL PRfINTCHAZ>
TYPE 186

10 FORMATC 'INCORRECT ENTRY - TRY AGAIN - AAANNN * .5)

COTO 146

c • S S CHANGE PROBES, TEXTS, ANO BRIDGE BALANCES a a a
28 IF (ICOM.NE.8e) GOTO 4ee

HAZ( I )-26
HAZ(2)- " 200

ze5 CALL PRrNTCHAZ)
TYPE 26
TYPE 910

21 ~FORMAT< UPDATE PROBE INrORMATIoN OF WHICH CHANNEL ? S)
ACCEPT 215.1

215 FORM4AT( r
TYPE 20
IF (1.LT.I.OR.I.GT.E) COTO 265

217 CALL PRINT<HAZ)
TYPE 218. 1

-18 FORMATC'PROSE IS ON CHANNEL - ,r)
T'ePv g2, rPROSE r )

226 FNAR'AT PROUE NUMBER - ',13)
TYPE 225, PPRSG< I)

221z FORMAt'R e - ',FS.2)
TYPE 23, *PPOETAC I)

i2 FORfMAT( BETA - .FS.Z)
TYPE 235, PPA( I)

2- FCRMAT('A - I.FS 4-
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TYPE 240.ppsc I
F017~ rqQ 3 F

T*YPE z45. < COATE I, K.K- 1, 3
Z 5 FOMATC 'PRCeS CALIBRATE~D '2iI 12, -. 2 12

TYPE 258. I IPPRBB< I )
'!a ORP AT< BRIDGE BALANCE RESISTANCE - ' .14)

TYPE 255.PPY81('!)
2!55 FrORXAT<'9RlGE BALANCE VOLTAGE - - F5.2>

CALL cVTTrIMCIPPTSSCZ.,KHRS.KM1N,KSECKTICKS)
TYPE 2E'8. KHRS. Km TN. KCSEC

26 0m4A(BaR roar BALANCED A-, r. '.a
Type 2~s. c rTexTc I. K K- I . 28

2T FORMATC ITEXT --

TY'PE 28
TYPE 28
Type 278

27 ORMAT< I TYPE lp TO CHANCE PROSE')
TYPE 275

27r5 FORt4ATC' I S TO CHANCE' BALANCE' >
TYPE as0

2a0 FORMAT<' 'T" TO CHANCE TEXT-)
TYPE 283

2S3 FORM1AT<' "C" TO WORK WITH NEW CHANNEL')
TYPE 285

235 FORMATC' OR 'E' TO RETURN TO SMORGASSOARO ',S)
=12 ACCEPT 290,K

990 FORMATC A )
IF K.Q '' COTO 1808

C :9 :t CHANCE PROBE NUMBER ANO CAL ISRATrcN oATA **
IF <K.HE.P') COTO 338
TYPE 295

295 FORMA-C'ENTER NEW PROSE NUMBER '*
CALL AS5IGH(3.'F"J30PROSE.0AT'.13)
READ cl'jmuW
I NUM-JNUM4212
RvAo3xroATAKK-I.rfUM)
CALL CLOSC3)
ACCEPT 298,K

299 P'ORNATC 13)
J-1

780 rFeK.E0.IOATACJ)) COTO 310
.JJ4 12
rF<J.LT.rtHum) COTO zoo
TYPE 385

05 F'ORMAT( 'NO PROBE EXrSTS WITH THAT DESIGNATION')
COTO 217

318 ZpROBEC1>-K
00 328 K-1,12 *
.;DAT7A< K)- IOAT"< J)

PPA<I >-ATEM
PP13< I 5-STEN

PpserS8 I >--RBTr

rCOATE< r. i >_rmOH4TH
rcoATE' I.2)-roAY
TC3ATEs I. 3)-YAR
COTO 217

C 'A :9 CHANCE BRrocE BALANCE 8*
7=* IF CC N. E. 'S' ) COTO 378

TYPE 33
31 F0'ONMATC 'CU'RRENT PAU DATA CURRENT MI1LLIVOLTS'

F<CI.EQ.1) COTO 34!5
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K-K+" 400
Z 43 NT1 4uis
3-tz AZA23'51

HAZA< 4 )-2
34 TYPE a9

CALL PRNCIIAZA)
: SEC-K(SEC
CALL !POK< 01797, K
J-.PEK* I 677'2>
JI -J

TYPE 359. J.PPV/sU': )
F5 ORMAT<tXO 6, 1 OXF7.4 5
TYfPE 355

T5z ORM4AT< 'PRIESS ANY KEY wHeN oesrREo SALANCE rS REACRELI
;Co CALL 1POKE("44,1018190.OR IPEEK<-44:,

j-rTTrNR( :
CALL I POE 44, 1677N. ~rPEKC 44)
xFCJ.CE.e> GOTO 365
CALL adrM( rPP~tS1( 1))
CALL cvTrrmczPPs< r ), KHRS. K14ZN.KSEC, cr~CKS
rr~c.Q.rSEc) GOT0 Zee
COT'O 347

266 FO~A'rc'ENcRq aRroar ResrsI'ANcE SALANCE ',S
ACCEPT 297,PPR8ec r>

'37 FORMAT(r4)
COTO 217

C t ~ *CHANGE Tem< *K
370 IFK.NE?' COTO 395

TYPE 27S
27!5 FORMATC<EXTER NEW TEXT - 13579I3S7~'

1 '12346799012315678901)
TYPE 389

ZE'3 FORM4AT(' IS)
ACCEPT' 382.<rrExT'zrc).K-z~ee)

32 FORMAT: 29AZ 5
COTO 217

385 IFK.E. Cl) GOTO 205
TYPE 396

39 FORMAY'INYALID ENTRY -- TRY ACArN'.*5

COTO 286

C **I CHANGE SAMPLE PARAMETERS *I
lee rFYZCOM4.N9.92) COTO 59

TYPE 410
,s FOMTENTER NEW VALUE OF PRESAMPLE OURATrON <SEC, .

ACCEPT' 426, fPSR

TYPf 26
CALL PMZNT':HAZA)
CALL PRIHT':HAZ*.
TYPE 436

49 FORMAT'ENdTER NEW PRESAMPLE FREQUENCY C d3)
ACCEPTr 426.rPsp

IPSR- tPSm*59- ,pSP

CALL PRINT(HAZA>
CALL PRrNT':NAZ

TYPR 4-06
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4-3 =RA('NZHR NEW VALjE OF SAMPLE OURA-,ION (EEC a
A~CCEPT 420,TSR
IYPC 20
CALL Pq :Hr NAZA5
CALL PRrN?(H~z)
TYPE Its0

4T ORMATC ENTER NEW SA94PLE FREQUENCY C HZ) * 3)
A.CCEPT 420. rsp
rSP-6d.' rSP
tsR- rsR*1ca' rsp
Cora loe

C :1 * CHANCE CHANNEL acrTIrrs 3:
s00 rFcrcom.mc.79) ao1*o 6es

TYPE 513
1516 VOMAC 'ENER SAMPLE CHANNEL ACTIVrTY AS A srx err 9:Rc.py,

I I NUMBER IS3)
ACCCPT 528. AcrVS

Sz OMAT'O1)
TYPE 20
CALL PRINT'CHAZA)
CALL PRIHT<HAZ5'
TYPE 540

540 FORM'AT('ENTER CALCULATE CHANNEL Ac7ryrTf As A srx r,
I INARY NumBeR I.S)
ACCEPT 550 rAcTvc

558 FRMqATC601)
Cc 570 J-1.6
rF(IAcTvs(J).Ec.a) COTO s6a
I ACTVS( J4 I ON,

568 IFCIACTVC<J).EfQ.0) COT.O 578
tACTYC< J4)- ION'

S79 CONTINUE

C * *I CAANCE ALARM LIMITS S
Soo IPrCICON.ME.76) COTO 70

TYPE G1s
Ci0 FORMATC(THTER NEW UPPER ALARM4 LIMIT cmv) 's,,

ACCEPT 920,RUALZM
620 FORMAT< Fl. 2

TYPE go
CALL PRIN1'CHAZA)
CALL PRIHT(HAZ)
TYPE I

638 FORMA1'('ENTER NEW LOWER ALARM LIMIT (MY) ',A)
ACCEPT 640,RLALIM

549 FORM~AT< F!5.2)
COTO L9o0

C 3 3 3CHANGE EXPERIMENT REPEAT DATA* 2
so6 IF(ICOM.NE.69) COTO see

TYPE 710
710 FORNATC IENTER NEW ExPeRIMpENT INTERVAL SEC) 5.

ACCEPT 720.4
F0 ORMAT< r4)
cximr-j*co. 0

TYPE 29
CALL PR!HT(HAZA)
CALL PIRINTCHAZ)
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A~CCEPT 744G, lffREP

T~YPE go
"ALL P~rNT<(HAzA)
CAiLL Pqrm1(HAz)
TYPE 750

FOMT'ENTER NEUTJ1rMC UNiT NEXT E.,(PCRrMEH~T SZC .S)
ACCEPT' 750.J

I 4urcc -0

ala CCN?1HlJuE

RETURN2.)20
C140gR
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SUBRO~UTINE SAMP

CTHIS SUBROUTINE PERFORM'S THE ACTUAL SAf"PLINC OF THE
DATA AND CREATES DATA FILES ON DISK FOR EACH A.CTIVE

C CHANNEL

C .222COMMON VARIABLES2 * S
LOG ICAL* I HAZC 3 >IHAZA( 5>

INTEGERr2(256)
INTEGER*4 14<12)
MEALS4 R-*(64 )
INTEGER IDATAC 1800)

COMMON -IHAZEL. HAZ HAZA
COMMON -VAR9LE,112, 14.R4
COM"ON ,TEMPS. IODATA

C 222END COMMON BLOCK222

C 222BEGIN CommoN oEsIGNATIONS 9 9
INTEGER IACTVS(6).IACTVCCS).IPROBE(6),IHEATC63).IPPRBEz(6)
INTEGER IFILE(6,). ITET<62),ICATE(6,3)
rm~ffeR*4 rPP?5B( 6>
REAL*4 PPRSSC 6).PPBETA< 6) PPA( 6 ) PPS( 6 *PPVS2B 6)
REAL*4 CTEI4P( 6), RLTEMP( 6)

EQUIVALENCE clCam.12(1)). (IACTVS(I),I2(a,,-
EQUIVALENCE cI PAoseci , ra< a CINE(17I" r:1'.I2>
EQUIVALENCE <IPPRBB9(I1,2cZs)). ( IPSR.r1226)'
EQUIVALENCE <IPSP.LZ<7>). (ISR.12<(ae))
EQUIVALENCE CISP,12CPS)). ITI1),T)
EQUIVALENCE CICOATE(,1. IZa15(a,' < (IACTVr.( I Ia<68))

EQUIVALENCE (IIE11,214) IAUTOCreiq2)
EQUIVALENCE < rPPT88C I1), Z4( 1 ))
EQUIVALENCE (PPRSS(t).R4<1>>, (PPSETAC I), pi(')'
EQUIVALENCE C PPA( I ),R-*CL3) ), <PPC I ) IR4-c 9 ))
EQUIVALENCE Icppysec I). R4( 2). < CTEMPI) IR4< 31 >
EQUIVALENCE CRLTEt4PCX1 .R4C37)). C RUALIM, R4< 4Z,-)

C A s END COMON DESIGNATIONS2 2

C 'I * * BEGIN LOCAL DECLARATIONS 22
INTEGER rOFPST46)
INTEGER ITINcc6>
tHINT!GR22 KTImc2)
INTEGER rTimac 6)
INTEGER !FILET<18S
INTEGER IFILEA 7')
INTEGER KDATEC3)
INTEGER24 JTM. ISTIM
EQUIVALENCE <KrION,KOATE( 1 ),KOAY.KDATE(2))
EQUIVALENCE CKYEAR,KDATE(3),(JT14KTIM(l)>

C 2 :9 2 ENO LOCAL DECLARATIONS22*

C * t * BEGIN CODE SEGMENT2 2
HAZ( I)26
TYPE 1

t ORMAYC 'NOI PERFORMING SAMPLE')
CALL PRtNT(HAZ)

S x CHANGE LAST TEMPERATURES I 2s

PPL"EMPC I )-CrE4P< I)
10 CONTINUE

t K K LEAR ICATA 22
Cc 5 1-1,180
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I DATA( I )-I
C~t4? rMUE

a S SET POINTERS INTO IOATA 9
JTEM'P"2+ IPSR+ISR
Kc-1
00 as Z-1.6
IOFFST( I )-IPSR-02
IF (IACTVSCZ).EQ.o) COTO 28
IOFFSCZ I
IC-K+JEtqP

a9 CONTINUE
JI-IOPFSTC 1)
JZ:-IOfFSTC 2.)
J3 ZOPFST<:3)
J4 IooPPSTC4)
.JS-1OfrFST S)
J45 OFSTC 6)

':* 2FIGURE OUT SHORTEST AND LONGEST HEATING PULSES t S .4
INEArs-i 208
00 So 1-1.6
ip* < rAc~vSc I). ca. a) COTO 6e
IF 'IEATS.LE.IHEATcI)) GOTO 68
ZHEATS-IHEAT~ I)

69 CONTINUE
I NEA1L-e
00 p6 X-1,6
IF < IACVS< I ). Ea. 0) COTO 79
IF crHEATLGE.tHEATI)) aOTO 78
INEATL-IMEAT( I)

79 CONTINUE

C 2*2SET TIMES TO PERF'ORM PRESAMPLE 22
ITIMA-1
ZITIME-IPSR2IPSP.ITIIA+ IHEAL
ITrmo-rTImE- IMEATS
00 7'3 1-1.6
TTIMCC I ).ITIME
ITIMOC I)-ITIME

713 CONTINUE
00 as X-1.6
IF CIXACTVS I ).F-0.8) COTO 89
ITtMCC I )-IME-lHEATC I>
ITlM8C I -ITIMCIC)-tPSR*IPSP

so C0NTI? UE
ITIMF'ITIME+ ISR2ISP
ICOUNTI1

C 9 * CLEAR OUTPUT VARIABLE 22

C S 2 SET TIME OFFSET 2

CALL GTIMCJPIM)
ITOFPF-I(TIM<

C * g: PERFORM4 EXPERIMENT X
90 CALL GTZM(<JTIM)

ITIM-ICTIM( 21- ITOFF
IFCITIM.NE.ITr',n GOTO 90
ZIMA-LTZqA.1
CALL IPOKZ<*~176779. "1)
I OATA( 41 )uPEKC -126772)
CALL I'K~779 4£
IDATA( J2 )IPEEKCl176772)
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CALL rPo~rk217677G."14el)
lOAA(J4)-IPEEK( '176772)
CA.LL 1P0KEC"176776 "1461.)
IOAAC .34)-IPEEK( "176772).
CALL 1POKEC "176776. 2661)

rOATA<J6)=!PEEKC "176772)

IF<ITIME.ITI4E) CO'TO 220

zpro-rpro.oR. 1

17T149C 1 )O1T1M9( 1 )+OIPSP

Lee xProm'.7?77g.ANo~rr IPoR. '466

tie !F(I1'IM.NE.1'TI?49<2)> COTO 136
IF<ITIM.EQ.I1IMCCZ)) COTO 120
!PIO-IPIO.OR. "2

IT!MBC 2 )."1T1149C 2 )+-psp
COTrO 136

126 IPIOm 17777 .AHO.IPIO.ORt."18OO

136 IF(LIrr4.NE.ZYM6C3)) COTO 199
TF<1?1M.Q.1TIt4CC3)) COTO 146
ZPIOftIPIO.OR. 4
J J3+ 1
1T1M9c 3 )Itt49c 3 )+IPsP
COTO 150

148 P~773AO1t.~26

1 is IF I~(Tf'. HE. 1 IMB( 4)) COTO 176
IF(1II.EQ.ITIMCC4)) COTO 160

J4-J.1+ 1
ITIMW 4 >- ITI N4 -4+IPSP
COTO 170

166 IPrO-1177767.ANO.IPZO.OR."4ee6

179 IF<ZTIM.NE.rTIMS(5)) COTO 198
IFCrIM~.6Q.rTrMC(5)) COTO 166
IPIO-IP!O.OR. "29
.I5-J5+ I
IT!M8C5)-ITZNBC5)+Z-PSP
COTO 196

ISO 1P10-"177757.ANO.IPIO.OR."IQ60

196 F(1IM.HE.ITZM6(6)) COTO 210
IF(1'Ttm.EQ.iIXMC(6)) COTO 206
ZPIOmIPIO.OR. "46
J6-J6.

COTO 216
Zee tPIO-"177737.ANO.IP1.O.OR."2066

210 CALL IP0KEC*177356.IPrO)
COTrO 96

226 CALL IPOKE<"177556,"I0O)
IF <1I14.EQ.ITIlMF) COTO 366
?F(I~TI4.EQA1ITI4E) CALL CTrtsr:rM)



61

rCOUN'r-:rCOUNT-1
IF(rCOUNT.NE 63'- COTO 90
I COUNT- ISP
.J I-Jli I

J3-J3+ I
J4-J4*

J6-JG+ 1
COTO 99

C * * * CLEAR OUTPUT LIGHTS S x
300 CALL IPOXE<'177556.8)

C s s *g OUTPUT TEMORARY PRESAMPLE DATA 22
TYPE 319

318 FORMATC EXPERIMENT IS DONE' )
TYPE 328

329 FORM'AT*FIRST TEN PRESAMPLE POINTS OF EACH CHANNEL')
00 345 1-1.6
TYPE 340,4 1DATA( J), J- IOFFSTC I.I OFFST< 1 5+9

340 FORKArC 1907)
345 CONTINUE

49 TYPE 418

TYPE 420 cIoFFsT~).r-i,6)
423 ~ORMATC 6 985

C 222OUTPUT TEMPORARY SAMPLE DATA22
TYPE 410
TYPE S50

S5e FORMATC'FrRsT TEN SAMPLE POINTS OF EACH CHANNEL')
TYPE 419
00 579 1-1.6
TYPE 560.(IDATA(j).j-rOFFSTCI).IPSRIOFFST~r>.IPSR+9)

560 FORAT 1007)
370 CONTINUE

C 2 UTPUT DATA FILES2*2
rrLEA~ I)- *~
IF ILEA< 2) 1 '
IFILEAC 6) .0
IFILEA 7 )-IATI
CALL I DATEC KMON KCAY KYEAR)
00 590 1-1.18
IFILETC I)-'20940

599 CONTINUE
00 618 1-1.6
IF (IACTVScr).eO.9) COTO 610
00 640 J-1,3
K-123-34-J
IFILETC K)-IFILE< 1, J

609 CONTINUE
9190 CONTINUE

00 799 1-1.6
IF CIACTVS(I) EQ.0) COTO 789
00 629 J-I.3
IFILEA(J+2)-tFZLEC I. J)

629 CONTINUE
CALL ASSIGN(3,r FILEA. 14)

1 IPRosecrI).PPRso( I).PPOETA( I). PPA( I).Pp9 I '.

4 (c rcorr<I. K). K-1. 3).
2 1 PRow 1 5. Pro PC)pvgs >. rHI ). psmI sp.
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CALL CL-OSEC 3)

c s s WAIT FOR RESPONSE BEFORE REURrH TO AfOrH S 9
IF( ICOM -EQ. 63 COTO 820
TYPE see

as86 FORMA?( PRESS RETURN TO EXIT BACK TO SMORGASBORD'
ACCEPT 810,r

$sI FOR14ATC A
90 RCTURN

ENDO
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SUBROUTIHE CALC

THIS SUBROUTIN READS IN THE DESIRED DATA FILES

C AND CALLS CRUNCH WHICH PERFORMS THE
C ACTUAL CALCULATIONS

C A t i COMMON VARIABLES * 2 2

LOGICALI1 HAZ(3) HAZA(5)
INTEGER 12<256)

INTEGER4 14(12)
REAL*4 R4(64)
INTEGER IDATA< 1308>

COMMON HAZEL,'HAZ, HAZA
COMMON /VARBLE12, 14,R4

COMMON TEMPS., IDATA

C i * 2 END COMMON BLOCK 2 2 2

C 4 ** BEGIN COMMON OESIGNATIONS s 2

INTEGER IACTVS(6),IACTVC(6),IPROBE<f),IHEAT(6),IPPRBS(6)
INTEGER IFILE(6,3),tTEXT(,ae),rICDATE<(,3)

EQUIVALENCE (ICOATE(1,1), 12c15e)), < IACTVC( I ), 12C I )

EQUIVALENCE (IFILE(1,1 ,I2(17))o ( IAUTOC, 12 192))
C 2 2 2END COMON DESIGNATIONS 2 * "

C x 9 S BEGIN LOCAL VARIABLES 2 2 *

INTEGER IFILEA(<)
C .1 : 2 END LOCAL VARIABLES X 2 2

2 2 2 •BEGIN CODE SEGMENT 2 2

IFILEA( 1 )-FO'
IFILEAC 2 )-1 1 1 '
IFILEA(6)- .D
!FILEA(7)- AT'

HAZ( 1 )26

CALL PRINT(HAZ)

00 108 r-1,6

IF(IACTVC(I).EQ.6) GOTO 100
TYPE 511

5 FORMAT('CRUNCH CHANNEL NUMBER ',I)

00 10 J-1,3
IFILEA( J+2 )-IFILE( I, J)

to CONTINUE

CALL ASSIGN(3, IFILEA, 14)
REAG(3, ERR"60) IDATA

ge CALL CLOSEC3)

CALL CRUNCH

TYPE 70
-3 FORMAT( ' SACK FROM CRUNCH )

too CONTINUE

ACCEPT z0

30 FORMAT< A )
RETURN

ENO

.. . . V - , := . . -s , -"a . . ... _ ..... . ...- - ... . .
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ZSR8O(JT.Hc AU.TO

~-HIS SUBROUTINE CALL SAM.PLE AND CALCULATE,.
rt1CRE!1ENTS FILEN4AMES AND AOJUSTS

C TEPSTITION PARAMETERS

c 2 COMMONH VARIABLES *52
LOGICAL*I NAZ( 3).HAZA 5)
:NTEGER 12C256)
!HNECER*4 14<12)

REAL*,*R4C 61)
INTEG~ER IDATA< 19eo

COMM4ON ,'HAZEL. HAZ. NAZA
COMMON .,'VARBLE-'I2. 14.R4
COMMON /TEMPS' IUATA

C A 5 END COMMON BLOCK A 5

C s .9 BEGIN COMMON DESIGNATIONS :9 x :2
INTEGER IACTVS(6),IACVC(6),IPROBE(6),IHEAT(61PPR88SP,6
INTEGER IFILE 6 3 )IT EX6 ICOAE< 6, 3)

EQUIVALENCE cICOM.12cl>), <IACTVS().IZ<2)
EQUIVALENCE (ICOATE~l,1),I2C150)), CIACTVCC1),12(168))
EQUIVALENCE (FL()1C7), CIAUTOC,12'.192>))
EQUIVALENCE CIEXREP. 12( 193)
eQuIVALENCE CRLALXM R4 44) ), ( AUTOTN IR4( 453
EQUIVALENCE <UTOTUR4(46)), (EXrNTR4(47.)

C 22 5ENO COMON OESrCNA~TOaS * * *

C x BEGIN LOCAL VARIABLES * * I
INTECER*4 KTImE
INTEGER KTIM(2)

EQUIVALENCE CKTI?4E.KTI!(l))
C 22 8END LOCAL VARIABLES 3

C * * 3 BEGIN CODE SEGMENT2*
CALL CTIMCIKTIME)
AU'OTU-65536. OKTtM( I )4oKTIM 2)
AUTOTN-EX INT

C * 2 2 PERFORM SAMPLE <IF NEEDED)222
J-0e
c019 ISO11.6
IF(IACTVS(Z).NE.0) J-J-1

,as CONTINUE
rF<J.NE.8) CALL SAMP

C 29 2S PERFORM CALCULATE <IF HEEDED>*2
J-e
00 i19 IlIG
IF CIACTYC'I).NE.0) J-J.I

11.3 CONTINUE
IF tj.He.a) CALL CALC

C At * INCREMENT FILENAMES 2X
00 lee 1-1.'
IF( IAC'!VS( I EQ. . AND. IACTVC( I).EQ. 0) COTO 188
0ECOOE2,l29.IF1LEI.3)IFILEA

2a FORMATC 12)
IFILEAmIFILEA.1
TryPE la5.xFrLE(I..3).IFILEA

.23 FORM4AT( I. .A2,'.3
tF(IFLEA.LT.!G0) COTO 160
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Type 14 O.IFLE 1LZIILEB,IFILEB
140 FORMATCA2' 1,A2.11.7
C t~ CNECKGE To XXX389 *

C ~ * LEAVE AT XXXS99 t* *
ZF!PILE8.GE.*3-48) COTO ISO
IFIL.EC ra)-rFzLES

1.0 EPCOEc%17.IFILEr,3fIFLEA
FORMAYCT 2)
IFC1FILEA.L?.10) lFILZ(I,3)-IFILEI,3.0R."So
!F(IFILEA.EQ.O) IFILE<I,3)-"3O86S

88 CONTINUE

C * * UPDATE AUTO PARAME~TERS **
I E)REP I EXREP- I
?F(IEXREP.NE.8) COTO 200
ICOPN-'
AUTOTHO .8
IEXREP-1

289 RETURN
ENO *

LZI
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Figure 20. Flowchart of Subroutine DATA
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SUBROUTINE DATA

CTHIS SUBROUTINE ALLOWS THE USER TO EITHER LIST
C AN ENTIRE DATA FILE OR PLOT A FILE ON THE
c GRAPHICS TvRMrSAL

C 2*2COMMON VARIABLES **

LocrCAL*I NAZ(...S). HAZAC 5)
INTEGER 12<256)
INTEGER*4 14(12)
REAL*4 R4< 64 )I
INTEGER IOATA( 1808)

COMMON IHAZEL -'HAZe HAZA
COMMON /YARBLE1,2. 14.R4
COMMON .TEMPS.,,1ATA

C 9* * ENDOCOMMON BLOCK22

C is S X BEGIN LOCAL DESIGNATIONS 22
rNTEGER*4 ISTIM
INTEGER KDATE(3).IFILETC18),ITEXTC20)
INTEGER ICOATE(3)
REAL*4 PPRBS6 PP9ETA, PPA. PPg. PPVSB
INTEGER*4 IPPTBS
REAL*4 DATA( 1880)

INTEGER IFtLEA(7)
COMM4ON l'GRIO.'IX.IY

C I*2ENO LOCAL DECLARATIONS*2

rFZLEA< I)-F3

IFILEA(6)-l .0'
IFILEA( 7)-I*AT'

IS JTEMP-ITTOUR<26)
TYPE 38

38 FORMAT<
TYPE 4e

46 FORMATC 'ENTER FILENAME YOU WISH TO OPEN I S)
ACCEPT 50.IFILEA(3),.IFILSA(4).IFILEA(5)

5B FORMAT( A2. A2, Ai )
CALL ASSIGN<3, IFILEA, 14)
READ (3.ERR-60) J.ISTIMKDATE,.IFILETITEXTIPRCBE.
1 PPR8S.PPBETAPPAPPSICOATE. IPPRBB. IPPTSB.PPYS8..
2 XNEAT,IPSR,IPSP.ISRISP,IDATA

co CALL CLOSE(3) 4
tCHAN-I

ES TYPE 76
7, FORMAT( 'ENTER 'G" FOR GRAPHICS OR *L FOR LISTI'IG )

ACCEPT sell
as FORMAT(A>

!F(ZEG.G')GOTO see

V LISTING PACKAGE 2it
rIrCHAN
TYPE too.J

Lee FORf4ATC 'QATA VERSION - '1)

CALL C/TTIM(ISTIM.KHRSKMIN.KSEC.KTICKS-
TYPE 110,KHRSKMIN.KSECKATE

to FORMATC 'SAMPLE TIME -- '1' 1.
I C ATE 12 !-, 1

its PORMAC'CHANNEL DATA RECZEVED FROM - )
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T YP E t Z -3
C*p4-- ACTIVE F!LES AT SA~MPLE T!IqE '

r'PS 140, F I -ET

I -IA2. 6- .,3AZ>
TYPE 150, :TEXT

.!53 FORMAT< 'TEXT - 2A2 >
TYePE i55. PROSE

Is ORMATC'PROSE OESrCHATIOH - - 13)
TYPE 16O. PPRSO. PPBETA, PPA. PP9

ia FORAT'R90 B ~.2, ETA - -. F8.3,
I . A- .Fe.4., 8- 'FS.-*)
TY'PE 165. ICDATE

i3 FORrAT'CALIBRATEO ON- i. -t2''12
CALL CVTIf4CIPPTBS8KHRS.iKMIN.KSECKTICKS)
T%'PE t0.IPPRBB,PPV9S..KHRS.Kt4INKSEC

170 FORMAT<'BRIDGE BALANCE 084 OHM - ,16, YOLTS , F"5 Z.

1 . TIME --. 2 .2
TYPE 180,IHEAT

!so FORMATC'HEAT PULSE DURATION - ',4
TYPE 19eIPSRIPSP

ISO PFORMATC'PRESAMPLE READINGS - - ,ri,
I 'PRESAMPLE PERIOD - - 'Ir
TYPE 209.isIS.ISP

20 FORAT'~ SAMPLE READINGS - - ',1.
1 SAMPLE PERIOD - - .rz3

00 205 K'-IrPSR+ISR
rZI~rATA<K5.CT."3'777 IDAA -r0ATA<f-1I93O
0ATA(1)-r0AA<K )*PPR80

235 cCONTINIE
TYPE 216

a210 FORMA1< PRESAMPLE DATA (MrLLrV0LTS)')
Go 225 1-I.IPSR..I8
Ji-f+9
rFctPSN-r.1-7.9 j-rPsst

~2 FORMAT< I 9F7. 4
22Z CONTINUE

TYPE 239
233 FORMATC'SAMPLE DATA (MILLIVOLTS)')1

00 245 !-IPSR*1,IPSR.ZSR.10
J-1+'9
IF<IPSReISR-I.LT.9) J-IPSR.oISR
TYPE 240..(DATAK).K1,J.)

24*3 FORMAT( ISF7 .4)
245 CONTINUE

COTO 290

C 'tI GRAPHICS PACKAGE 2t
569 JTEMP- ITTOUR( 26)

I ~SET GRAPH SIZE
JTEMP- I TOUR< 13)
IxmII435
I XMAX 1919

I YMAX-740
TYPE 510

10 FORMATC '00 YOU WANT DIFFERENT SIZE GRAPH?')
ACCEPT 520,.1
F ORPAT CA )
IF(I NE.,Y) COTrO 545
TYPE 539

ro FOMAT( 'CONSIDER THE SCREZN TO BE 1830 8V 130'
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z- TYPE 9'
3 s FRMAT-C'ENTER L.EFT HORI:ZONTAL M'ARGIN~ FRCM' - TO 99 ')

ACCEPT 94011

TYPE 945,1I
9Sfs FORMATC 'EHTER RIGHT HORIZONTAL MARGIN FROM 1, TO 99'

ACCEPT 9138,J
350 FORMAT r2~

tr(J.CT.I)cOTO 96o
TYPE 953

T153 FORAT(r ICORRECT VALUES -- TRY AaArHN')
COTO 9 2

rxmax-rmT(c rXMAx-tr(MIN).99. a*J5)+Ixmr

96Z TYPE 965
T5 FORN4AT <'EffTER LOWER VERTICAL LIMIT FROM4 e To 99,)

ACCEPT 9701r
97 ORMAT< r2-

TYPE 975, I
975 FORMATC'ENTER UPPER VERTICAL LIMIT FROM l.12,' TO 99'-

ACCEPT 90.J
960 FoRmATcr2>

rrcj.cT.I)aoTo 990
TYPE 905

985 FORMIATC'rNCORRECT VERTICAL LIMITS -- TRY AGAIN')
COTO 962

990 I=- IYMAX-rYmrmH2I.,-9.Iymr

ryf14-r

5343 JrfEMP- ITToIJR(2c)

c : SET TIme SCALE LIMITS s
ITNeaGIPSR* IPSP.IHEAT
ITPOsm IsR*ZSP
rTm INS-- ITHEG.-'eO
I TMAXS ItrP8S-90
rSTART- ITH9C. ITMZNS*60
ITOTAL ITF4EC+ TPOS

1010 F'RMAT'00 YOU WANT TO EXPAND TIME SCALE?'5
ACCEPT 1015.1

1015 FORMAT(rcA)
IP(r.mE.Y,) aOTo 110es

1026 Type ssIhSZMX
105 ORMATC'ENTER LOWER TIme soumoARY F Rmc *.Iz, * To '.rz,.
107 ACCEPT 1027.1
107 ORMAT< 13)

rF(I.cE.ITMAxs~oR.r.LTAT4s) coTO 1e2s
11329 TYPE 1030,.rTMAXS
t03e P'ramArcENR ,ermuppeR TIME SOUNOARY F ROM '.1Z To Z

ACCEPT 103211
I0;2 roRnArc 13)>

IFCJ.CT.ITMAXS.OR.J.LE.f) COTO 1029
ITMAxS-J

ISTA"T-S
4 TOTAL-( !Tt'AXS-t'TM4INS )*60

I190 ;TfMP-I TTOUR( 2 )

- ~ t ~LABEL CURVE 9
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CALL CPOIN1

7Y;P 819 !1E(17

.31 F'ORL 'T 30K., 3042)
rYpT 929. rprLSA<3i rZrrLE-'A<4). IF ILEA< 5),rCHA4

0120ACZX ~LHAE '.3A2. CHANNEL:lr

az 0RfAT<3SX.*PR09El '12.' HIEAT PULSE: .rz., .r.

CALL VIM Si.HSKZSCKX~S
TYIPE 640. KHRS. IKItH.K2CEC.KOArE

a, 0C1ATZ80(. 'SAMPLE Trme- 're.. 'r2. r2 DATE-

JTEP-fTTOURC 28.

'r DRAW OP AXIS *

ix- iKmZN
CALL aPOrKr
ir(- rxrN

CALL CPCIHT
.xr~e xTAx
iv- ivmwr
CALL GPOIN7
JTEMP-I1T0UR<29)

a g LA8EL AXIS Z
8-<:IYiMAX-rYMZH ).'10.
Yt410-CIYMAX-zyiqrN)/2.6+IvYqiH
J7Emp-rT'rouR(31)
TYPE 546

S4P POMA1(.)
00 Se0 Z--S.5
xv-rmcwrvv4+*s6 -b it
rx- ixmriH-3s
JreNlp- I -,TUR<29)
CALL CP~rH'r
JIEN4P-I'rTOUR<3t
'TYPE 550.1

~5 PORMAT<:12)
JTrEP-rTTOUR<29>
ry- v-ti
ix- rmtrr-s
CALL QPOZI4T
ix- ixmiN
CALL aparNr
JTMP-I'TTUft<29)

IZ30 comrrmZue

0-VLOATc ir4r4AX- IXP~iN )' TO'VAL
ca~ ess r-rTiNS.1'1AXS
rX-rwTC': ST'r+.<r-rrmrus )*e0t0 ).IX?'IiNm

J!EI4P- i1"?oup< 29
CALL aPOiN'T
tv-tv-s
CALL GPOINT
.~'TEF- ri'ouRm 26)
JTEV4P- t'T'rOUA' 29)
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CALL CPOrHi-

TYPE 640,1
640 rORMAr< rz >

j'r-rMP- Ii IOUR< 29

*3PLO'T CURVE A A
rcouwr-s
ITLOW t~NS*684ITNEC- ISTARi-
IrIG ITAXS60ITieC-S-ART
D-FLoAT( rXAX-rxmrm)-C rTrcIH-rTL0U)
B-fPLOAV( lYMAX-LVIt1rN )-"i0600
00 720 rt.1rpsR+rSR

rFcr.a'r.rP4ER) I1'.ITNEG+ISP*<r-rPSR)
IF(I? I-T.ITLOUW.OR.IT.G T.ITHIGH) COTO 720
rF< IT Li-. rNEC.AND. IT. cGI'. xPsP3IPsP COTO 7a.3
Ix'. xmr@- T(< IT-li-LOU tO5
ICOUmytICOUNT+ I
IP(ICOUN1.NE. 15)GOTO 785
I COUNi-6
ji-EHP-rT'TouR( 31
TYPE 703

J'rEmP-rrrauR~as)
79 Y-IOATAI)

IF(IY.CT."3777) 1IY-'10000
IY.INTC YNtiO.821Y)
CALL aPO IN?

,as CONTINUE

Ji'EM'PITTOUR( 31)
JEMPwITOUR( 24)
HAZAC 3>)37
MAZA( 4 )-2
CALL PRrNi-CHAZA)

c .38 A RAP THINGS UP * x
age TYPE 295
.195 FORMAT(ENER "E, To ExIT OR "0" FOR MORE DATA ',S)

ACCEPT 30.I
390 FORMATC A )

J?Eqp- I TTOUR 28)
JTEMP-ITTOURC 31)
JTENP-I TTOURC 25)>
JE4P- I TOUR< 24)
Jirqp- I ?7OUR( 26)I
I PC I. 90.1E OTO 310
TYPE 303

333 FORMATC O= YOU WANT TO REMAIN WITH SAME DATA '1

Accepy 397,r
37 FORlqAT A

I~et.EQ.Y) COTO 65
CO'TO to

310 RETURN
END
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PRCeEC FOR

rI ~S PRfRA4 MODZ F IES THE F ILE PROBE.OAT
ANO USES SUBROUTINE aET TO ACCEPT NEWJ CALIBRAT:0tNS

DIMENI'sON 10ATAC1500)
COMMPON rCESIG. Ii4NTH, bAY,. lYEA,ATEM.BTE .PS0TEM,BE7AT
DIMENSION JOATAC12J
EQUIVALENCE <AE14JOATAS)),<BTE=MJCAA')
EOU I VALENCE < RBOTEM JDATA 3) CBEAT JOATiA( 1))
EQUIVALENCE (IOESIGJCATA.1)), IMONTH.JCA4TA<2)>
EQUIVALENCE C XDAYJOATA(3)),( IYEAR,JCATA<()
CALL ASSIGC3, 'FOOtPROeE.OAT% 13)
READ (3) JNUM
!H'U M-JNUlMIa1
READ (Z) <rOATA<K).K-1IHUM),
CALL CLOSE<3)
TYPE 6
FORMAT( >
TYPE 2

aFORM4AT< 'ENTER .1 TO ADD OR MODIFY A PROBE
TYPE 3

3 FORP.ATC 'ENTER p. TO LIST ALL PROBES')
TYPE 4

* PORMAT( 'ENTER .77 TO EXIT*)
ACCEPT B. ICOf4

5FORMAT< I >
IF CICOM.EQ.Z> COTO 286
IF <rCOmW.Ea.z) COTO. 366
IF CICOM.NE.1) COTO 5
TYPE 6
TYPE 25

C V * ADO OR MODIFY A PROBE
25 FORMAT( 'ENTER PROBE NUMBER' >

ACCEPT 36. IDES IC
36 FORMEAT( 13 >

TYPE 6
INDEX-i .

t IF CIOESIG.EQ.rOATA( INOEX)) COTO 156
INDEX- INDEX.12
IF (INOEX.LT.INUM) COTO 46

TYPE 166

166 FORMAT< 'NEW PROBE NUMBER'

11. FORMAT( 'ENTER "Y" TO START A NEW PROBE WITH THAT'
I1 DESIGNATION')

ACCEPT 112,ICOM

1112 FCRMATt A '
IYPE 6
IF <ICOMNme 'Y') COTO 5
CALL IDATE. IMOHTH. bAY. VEAp.)
ATE?4-0
STEM-0
RBOTEM-0
BETAT-O
JHUI'9JNUM. 1
INDEX-ZINUM+ 1
I HUM I HUM. 12
CALL GET
a25 0 122 K-1,12
I DATA( IND-Ex >JAAK
!MDEx-I1'.Ex- I
~ccT iNUE
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PE 'O 5

FCRMT( FROE ZURRENTLY HAS THESE '/ALJES
cc 1 ;o K-1-1
JOAT< -I DATA( I NOE*X
ZNOEX- INOEX. I

I NDEX.: H OE,- 12
CALL CET

TYPE 282

!c r LIST ALL PROBES IN FILE 9 9
FRMAT< 'THIS IS A CCMPLETE LISTINC OF PRCeES AH~O ~S

00 210 Ka1,Jf(UN

00 265 J-1,4
JCATA'uIDrATA(INDEX)
1tNCEX INOEX+ I

Z315 :CNTINUE
TYPE as?. roEsl.. IMCNTH IOAY. IYZAR

23 CONT 1 PUlE
Q OTO S

X it* CHECK IF REPLACEMENT DESIRED A:t
30 TPE 310

FORM~AT( 'LAST CHANCE TO RE14AIN WITH ExisTINc PprOe FILE'

F1 ORMAT< 'ENTER "I" TO REPLACE OLD PROBE FI'LE'
ACCEPT 320. ICCT4

3Z FOMT I
IF (XCOPI24E.I) COTO 400
CALL Assrcm(3.'FOPROBE.OAT'.13)
uar 11E 3 JHuM4
WRI1EC 3)rOATA
CALL Cl-OSE< 3)
TY'PE 32!5

-2s FOMAT,, mHEw rrLE CREATED -- OLD fIrLE DESTROYEO'
Caro 490

a TYPE 410
.a FORfOA1( 'NO CHANCES M.A.0E TO EXrST IfG PROOE FILE' 7

1590 FORMAT< I STrLL UHDER CONSTRfUCTION
49a STOP' THAT IS ALL FOR THIS MESS

END

CREATE PROeEDCAT

THIS PQOGRAM CREATES A' empre FILE
TO BE USED BY P~E~-a

DIM4ENSION JOATAC12)
CALL SIN3'DPeEDT.)
wR rIs<'; 5 1
CC 5 K-1,12
JOATA( K -0

TCONTINUE
wR rTE( 3 )JCATA
CALL1 CLOSE<3)
STOP' FILE CREATED'
END
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SUeP.CUTINE GET

THIS SUBROUTIHE ALLO (S TNfE U"SER TO CHANCE THE'
CALrBRATIcH CATA FOR A GIVEN PqCBE

COMMON I OES!G. IMOHT", IcAY. IYEAR, ArEt4. a -E, R8Ba:are ma'1"
- r'Fee s. roEsia
-= FORMAT( 'PROBE NUMBER - , 3' COMMAND,)

TYPE 10. IMONTH
0 FPORMAT( 'MONTH - 'o%,'

'YPE 15. rOAY
is FORMAT( 'DAY '.rz,' (>')

TYPE 20, :YEAR
• o FORMAT< 'YEAR - '.13,' .- " )

TYPE 25. ATEM
:-5 FDRMAT A F OMF84T < ('

TYPE 30.BTEM
FOPMATC 'B - ',F9 4.' (5)')
TYPE 35.RBeTEM

FCRMAT( 'RBO - (6:')

TYPE 40.BETAT
4e FORMAT< 'BETA " - 83 )

TYPE 45

1! FORMAT( 'TO EXIT TYPE ( 8'>

ACCEPT 108. ICOM

188 FORMAT< I )

IF (!COM.NE.1) COTO 110
TYPE 105

195 FORMAT( 'ENTER MONTH' )

ACC"PT 106, !MONTH
"0'i FORMAT( 12

IF ( ICON.HE.2 GOTO 120

T'PE LI5
113 FORMAT< 'ENTER DAY' )

ACCEPT 106, IDAY
11F CICOM.NE.3) GOTO 130
TYPE 125

125 FORMAT( 'ENTER YEAR' )

ACCEPT 106. IYEAR
130 IF CICOM.NE.4) GOTO 148

TYPE 135

135 FORMAT( 'ENTER A' )

ACCEPT 136, ATEM
t3-r FORMAT< F8.4 )
i.4.0 lF (ICOM.HE.5*, GOTO 150

TYPE 145
145 FORMAT( 'ENTER 8' >

ACCEPT 136,BTEM
!Zo IF (ICOM ME. 6) COTO 160

TYPE 155
155 FORMAT< 'ENTER R8' )

ACCEPT 13RBSTEM
IS-3 IF ( ICOM.HE.7 ) GOTO 170

TYPE 165
;65 FORMAT( 'ENTER BETA'

ACCEPT 136,BETAT
1-0 tP , COM NE 8) GOTO 3

PETURN

- H
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